Abstract. The aim of the present study was to explore the classification of the internal iliac artery (IIA) and the diagnostic value of the pelvic tumour-feeding artery by multislice computed tomography angiography (MSCTA) compared with digital subtraction angiography (DSA). A total of 43 patients with pelvic tumours were enrolled between January 2013 and August 2017. The classification of the IIA and the quality of the feeding artery of the pelvic tumours were analysed by Yamaki's classification (Groups A-D according to IIA branching) and the 5-point scoring system. The degree of feeding artery stenosis, caused by tumour compression or invasion, was analysed by a 4-point scoring system. The Wilcoxon signed-rank test was used to determine the vascular diagnostic quality identified by MSCTA and DSA. MSCTA of the pelvic arteries was successfully performed in all patients. The main classifications of the IIA were Group A, followed by Group C, then Group B and with no cases of Group D. There was no significant difference in the classification of the IIA between the left and right sides on MSCTA and DSA. The visualization quality of the IIA and its main branches showed excellent consistency, but the difference in the terminal branches of the feeding arteries in the pelvic tumours was statistically significant between MSCTA and DSA. MSCTA has great advantages in evaluating the classification of the IIA, the imaging quality evaluation of the IIA and its main branches, and in the evaluation of the pelvic tumour-feeding artery. However, in the display of the terminal arterial branches of the pelvic tumours, DSA remains irreplaceable, particularly in cases of interventional embolization.
Introduction
As one of the most important structures of the human body, the pelvic cavity has a complex anatomical structure, including multiple organs, fine vessels and nerves (1) . These features suggest that a variety of diseases, including different types of tumours, may occur in the pelvic cavity. Pelvic tumours exhibit a wide range of origins and an abundant blood supply. The anatomical structure of the tumour-feeding arteries, as well as the collateral circulation and variation, may be more complex. In addition, a large tumour could compress the pelvic tissue and organs, leading to deformation and displacement of the anatomical structure of the pelvis (2) . The location of a tumour and the feeding artery is therefore difficult to confirm (1, 3) . Due to these features of the pelvic cavity, tracking the source of tumour-feeding arteries and determining a treatment programme, particularly an associated vascular interventional treatment, is essential.
As one of the main branches of the common iliac artery, the internal iliac artery (IIA) supplies the majority of the organs in the pelvic cavity, and it is believed that this artery is closely associated with the occurrence, development and treatment of pelvic diseases (3) . With the widespread use of interventional embolization in the treatment of pelvic neoplasms, it is necessary for physicians to investigate the IIA and its pattern of division and branching to ensure any interventional procedure is secure and to avoid untargeted embolization. Nevertheless, due to numerous variations that exist in the anatomy of the IIA, for which there are also significant differences between sex and ethnic groups, there are no unified IIA classification criteria at present, although a number of studies have been performed on the classification of the IIA (4-7). The earliest systematic classification and description of the IIA was provided in 1928 by the Japanese scholar Adachi (8) . The Adachi system classifies the distribution pattern of the IIA into 5 types with 8 groups based on a cadaver specimen study and remains in use today (8) . Subsequently, Yamaki, a Japanese scholar, provided further research based on Adachi's classification and put forward Yamaki's classification (7) , which is the most reproducible and simple classification for this complex vascular system, from clinical and imaging views (3) . The studies by Adachi and Yamaki were performed on cadaver specimens, and the corresponding imaging evaluations, using different imaging modalities, are lacking. Although several previous studies have described the human pelvic vascular anatomy and its frequent variations from perspective imaging, interventional radiologists lack a simple model that can facilitate target branch identification (7, (9) (10) (11) (12) (13) .
At present, digital subtraction angiography (DSA) remains the gold standard for assessing blood vessels, particularly for smaller branches or vascular anastomosis. Additionally, DSA is also the primary route for determining the feeding artery of the tumour blood supply, which can be used to guide interventional therapy. However, DSA is an invasive procedure that is subject to inherent limitations, including vascular embolism, vascular injury and high cost. With the development of radiology technology, multislice computed tomography angiography (MSCTA) is an important technique that is increasingly used in vascular imaging studies for its characteristic merits, including observing vascular lesions in various directions and investigating the variation of blood flow at different stages of vascular lesions through CT post-processing technology (6, (14) (15) (16) .
Although the diagnostic performance of MSCTA has been proven to be superior to that of DSA in certain fields (17, 18) , there are few reports detailing the anatomy of the IIA and its branches by MSCTA, as well as assessments of the diagnostic quality of the feeding arteries in pelvic tumours. Therefore, the aim of the present study was to explore the anatomical structure and classification characteristics of the IIA, and to estimate the diagnostic value for preoperative assessment of patients with pelvic tumours by MSCTA compared with DSA.
Materials and methods
Study population. Between January 2013 and August 2017, a total of 43 patients (27 male and 16 female) with pelvic tumours who has been assessed in The Sixth Affiliated Hospital of Sun Yat-sen University (Guangzhou, Guangdong, China) were enrolled in the present study. MSCTA and DSA examinations and intervention therapy were performed for all patients. The mean age of the patients was 52.7 years (range, 24-91 years). Radiological imaging and medical records were reviewed to obtain valuable information, including clinical characteristics, visualization quality, classification of the IIA and terminal branches of the pelvic tumour-feeding artery. The diagnosis of these patients was routinely confirmed by two senior pathologists at The Sixth Affiliated Hospital of Sun Yat-sen University by histopathology and immunohistochemistry (IHC) of biopsy or surgical samples. There were 9 cases of refractory bladder bleeding and 4 cases of rectal bleeding due to tumour invasion. The main manifestations of the remaining patients included abdominal pain and distension, an abdominal mass and complicated intestinal obstruction.
Patients with the following criteria were excluded: Iodine allergy, severe coagulation disorders with an evident bleeding tendency, severe arteriosclerosis, vital organ failure, tumour cachexia, high fever, infection, female menstrual period and pregnancy. The study protocol was approved by the Institutional Ethics Review Board of The Sixth Affiliated Hospital of Sun Yat-Sen University and complies with the ethical principles of the Declaration of Helsinki. Informed consent was obtained from all individual participants included in the study.
IHC staining procedure. Tissue blocks were fixed in 10% formalin and embedded in paraffin, and were then sliced into several sections at a thickness of 4 µm prior to IHC staining. Briefly, the sections were dewaxed in xylene and hydrated with a graded alcohol series, and were then washed with PBS (pH 7.4) three times, each time for 3 min. The sections were placed in freshly-prepared boiled citrate buffer (pH 6.0) for antigen retrieval at 95˚C from 5 min. The sections were treated with 3% H 2 O 2 in 0.1 M PBS to block endogenous peroxidase activity at room temperature for 30 min. Following washing with PBS, each slide was incubated with the appropriate primary antibody overnight at 4˚C. PBS alone was used as the blank control. Slides were washed three times following incubation with the appropriate secondary antibody in 0.1 M PBS (pH 7.4) for 30 min at room temperature. The IHC reaction was visualized with a light microscope (magnification, x200 or x400) following 3,3'-diaminobenzidine chromogen staining for 5-10 min at room temperature and hematoxylin counterstaining for 5 min at room temperature.
MSCTA imaging and image reconstruction protocol.
Patients fasted for 4-6 h prior to MSCTA examination. A 128-or 640-row multidetector spiral CT scanner (Toshiba Aquilion ONE; Canon, Inc., Tokyo, Japan) was used. The patient was placed in a supine position on the scanner table. The range of the scan was from the lower edge of the fourth lumbar spine to the upper femur. The scan parameters were 120 kV and 450 mAs. Each patient received a single CT scan. Power injection settings were as follows: Iodine contrast agent volume, 100 ml (iopromide injection, 370 mg/ml); and injection rate, 4 ml/sec, injected by the elbow vein, followed by an injection of 20 ml physiological saline by the same method. The bolus injection was used to measure the CT value in the abdominal aorta (above the renal arteries), which acted as the region of interest (ROI). The MSCTA scan (arterial phase, venous phase and delay period) automatically started when the CT value in the ROI reached 100 Houndsfield units and was then delayed 6 sec. The acquired data was interpreted by reading the axial reformats at ≤1.0 mm in thickness, which allowed study of the vascular anatomy. Post-processing was performed using StartVitrea 6.6 post-processing software (Canon, Inc.). Multi-planner reformation, maximum intensity projections (MIPs) and volume rendering were used with three-dimensional (3D) reconstructions. Satisfactory MSCTA images were reconstructed according to these 3 reconstruction techniques by adjusting the different thresholds and patterns.
DSA protocol. A DSA instrument (INNOVA 3100; GE Healthcare, Chicago, IL, USA) was used. A right transfemoral approach was used for artery access. Initially, the 2 pelvic common iliac arteries were visualised by performing digital angiography in the abdominal aorta (injection volume, 20 ml; injection rate, 15 ml/sec). Subsequently, the two IIAs were catheterised for imaging. The contralateral (usually the left) IIA was initially catheterised and visualised by performing digital angiography in the artery origin in the neutral position and repeating in the contralateral oblique and ipsilateral oblique positions (injection volume, 10 ml; injection rate, 5 ml/sec). The right IIA was visualised by the same method following catheterisation.
Image evaluation. All MSCTA and DSA images were assessed by 2 senior radiologists with 5 and 3 years of experience in the field of CT vascular imaging and angiography, respectively. The 2 readers were blinded to the diagnostic patient information and to the results of each other's analysis. The cases were randomly reviewed and the reading interval between MSCTA and DSA images was 7-10 days. The pelvic arterial 3D vascular network was constructed, and the anatomical structures of the IIA were contained in the evaluation and assessed by the classification criteria of Yamaki et al (7) . The mode of branching of the IIA was classified into 4 groups. Group A: The IIA divided into 2 branches, the superior gluteal artery, (posterior division) and the common trunk of the inferior gluteal and internal pudendal arteries (anterior division). Group B: The IIA divided into 2 branches, the common gluteal trunk (posterior division) of the superior gluteal and inferior gluteal arteries, and the internal pudendal artery (anterior division). Group C: The IIA simultaneously divided into 3 major branches, the internal pudendal, inferior gluteal and superior gluteal arteries. Group D: The IIA divided into the inferior gluteal artery (posterior division), the common trunk of the superior gluteal and internal pudendal arteries (anterior division).
Regarding the quality evaluation of IIA and its branches, 4 main branches were counted as 4 anatomical segments, according to Yamaki's classification, and they were separately evaluated on MSCTA and DSA images.
The readers evaluated the images according to a 5-point scoring system, which was modified from Danias et al (19) and Pfeil et al (20) as follows: 1 point, non-diagnostic; 2 points, poor quality, vessel border was suspected, but not clearly visible, and vessel segments definable, but with significant blurring or artefacts; 3 points, moderate quality, sharpness of the vessel border was insufficient, but vessel segments clearly definable with moderate blurring or artefacts; 4 points, good quality, good sharpness of the vessel border and diagnostic information available with minimal blurring or artefacts; and 5 points, excellent diagnostic quality without blurring or artefacts, and with sharply defined vessel borders.
In addition, the 2 readers tracked the feeding arteries of the pelvic tumours and assessed the imaging quality of the trunk and terminal branches of the tumour-feeding artery according to the 5-point scoring system. Due to the complexity of the type of tumour and the branches of the blood supply artery, it was difficult to define the terminal branch of the feeding artery. To accurately evaluate the imaging quality between the two examinations, the 2 readers defined the terminal branch of the feeding artery as the vascular segment that contacted or entered the tumour subsequent to the feeding artery.
The existence of pelvic tumours may cause compression or stenosis of the feeding arteries. Changes in the arterial diameter caused by the tumours were evaluated with source images and reconstructed images (mainly MIP images) of each tumour in the imaging modes by the 2 readers. The stenosis was recorded as follows: 0, Artery free from tumour; 1, artery displaced, but not narrowed by tumour; 2, tumour narrowing artery <50%; and 3, tumour narrowing artery ≥50%.
Statistical analysis. Data were processed using SPSS 20.0 software (IBM Corp., Armonk, NY, USA). Measurement data are expressed as the mean ± standard deviation and count data are expressed as a percentage. The 2 sample rates were compared using the χ 2 test for a 2x4 data table. The differences in the vascular image quality of the IIA and the visualization quality of the tumour-feeding arteries between the two imaging modes were determined by the Wilcoxon signed-rank test. A κ test was used to analyse the conformity between the two imaging modes. κ coefficient values were interpreted as excellent consistency ≥0.80, good consistency 0.61-0.80, medium 0.41-0.60 and poor ≤0.40 (21) . P<0.05 was considered to indicate that a difference was statistically significant.
Results
The 3D digital models of pelvic arteries in all 43 pelvic tumour patients were successfully constructed. These tumours included rectal cancer (n=15), cervical cancer (n=6), prostate cancer (n=4), gastrointestinal stromal tumours in the rectum (n=3), liposarcoma (n=3), malignant solitary fibrous tumours (n=2), Ewing sarcoma (n=2), neurofibrosarcoma (n=1), sigmoid colon cancer (n=1), anal canal carcinoma (n=1), uterine leiomyosarcoma (n=1), ovarian mucinous cystadenocarcinoma (n=1), bladder cancer (n=1), a sacrococcygeal neurogenic spindle cell tumour (n=1) and a gastric cancer pelvic metastatic tumour (n=1). The branching patterns of the IIA of 86 pelvic sides were reviewed with MSCTA and DSA, based on the 4 groups of Yamaki's classification. No other special types were identified in the present study. Based on images acquired by MSCTA, 64 pelvic sides were classified as Group A (74.4%) (Fig. 1), 8 as Group B (9.3%) (Fig. 2 ) and 14 as Group C (16.3%) (Fig. 3) , with no cases in Group D. Of the 43 patients, 26 had the same type of bilateral IIA. Additionally, no significant difference was observed between the right and left sides in the classification of the IIA (P= 0.73; Table I ). The classifications of 86 pelvic sides of the IIA were also assessed in images acquired by DSA. A total of 63 pelvic sides were classified as Group A (73.3%), 7 as Group B (8.1%) and 16 as Group C (18.6%), with no cases of Group D. Of the 43 patients, 23 had the same type of bilateral IIA, and no significant difference was observed between the right and left sides in the classification of the IIA (P=0.95; Table II) . These results demonstrated an excellent consistency between MSCTA and DSA with regard to the classification of the IIA (κ=0.81) (Table III) .
Regarding the evaluation of the quality of images of the IIA and its branches, a total of 430 vascular anatomical segments of the IIAs and their branches were separately evaluated on MSCTA and DSA images. The 2 readers carefully analysed each arterial segment and scored and summarized the imaging quality (Table IV) . The results indicated that the overall imaging quality of DSA was slightly higher compared with that of MSCTA, but the difference between the means was not statistically significant (DSA, 4.14±0.94; MSCTA, 4.13±0.95; P=0.09). In addition, an excellent image quality was shown between the two imaging modes (κ=0.94±0.06) and the 2 readers achieved excellent consistency in the assessment of the vascular imaging quality in the MSCTA and DSA images (κ MSCTA = 0.87±0.10, κ DSA = 0.88±0.09).
As several different types of pelvic neoplasms were included in the present study, the arteries supplying blood to the tumours were tracked and identified on DSA and MSCTA.
There was no difference in the types of feeding arteries between the two examinations, and the accuracy of MSCTA in diagnosing the type and quantity of feeding arteries was 100% (Fig. 4) , which is consistent with the results using DSA.
To evaluate the ability of MSCTA and DSA to display the terminal branches of the feeding artery, the 2 readers tracked the feeding arteries of the pelvic tumours and assessed the imaging quality of the trunk and terminal branches of the tumour-feeding artery according to the 5-point scoring system. The results demonstrated that the two imaging modes had good consistency in displaying the main trunk of the feeding artery (κ=0.67). However, the consistency of MSCTA and DSA was poor in displaying the terminal small branches of the feeding arteries (κ= 0.14; χ 2 =14.29; P=0.027). Therefore, the difference was statistically significant between the MSCTA and DSA images for showing the terminal branches of feeding arteries in pelvic tumours (Fig. 5) .
Finally, the degree of arterial stenosis caused by pelvic tumours on the imaging modes was summarized by the 2 readers. The internal consistency of MSCTA and DSA was excellent for each of the 2 readers (reader 1, κ= 0.87; reader 2, κ= 0.81). Excellent consistency between the 2 readers was also obtained on MSCTA and DSA (MSCTA, κ= 0.81; DSA, κ= 0.97).
Discussion
As a non-invasive and comprehensive method for the imaging of the majority of the major vessels in the body, MSCTA may provide visualiszation of the 3D spatial association between the tumour, tumour-feeding arteries, and adjacent organs and large blood vessels by using post-processing reconstruction technology (14, 22) . As the gold standard for vascular display, DSA can visually display and observe the shape of blood vessels and the location of lesions. The technique has a large advantage in tracking the vascular path and showing the image in real time, and associated treatments can be performed while conducting a diagnosis. In addition, the radiation dose of the minimally invasive examination of DSA may be slightly higher compared with that of MSCTA, but remains in the safe range. Several studies reported that the sensitivity and specificity of MSCTA in the diagnosis of certain vascular diseases was approximately the same as DSA (23, 24) . However, the absence of data on the non-invasive examination of vascular anatomy of complex pelvic tumours, particularly data on the preoperative assessment of the vascular and haemodynamic parameters, may complicate the treatment and prognosis of tumours.
In the present study, MSCTA and DSA were used to investigate the classification of the IIA, which is the main feeding artery of the pelvic cavity with dense branches. Although there is no uniform classification of the IIA at present (4), Yamaki's classification is the most commonly used classification criteria. In the study by Yamaki et al (7) , 645 pelvic sides of the IIA were typed by autopsy, and Group A was considered the basic branching pattern of the IIA, as it was the most frequent (79.5%), followed by Group B (15.0%), while Group C and Group D occurred at rates of 5.3 and 0.2%, respectively. In the present study, the main classification of the IIA was also Group A, but Group B was less frequent compared with Group C, and no patients were classified as Group D. The Figure 3 . Uterine leiomyosarcoma and a Group C bifurcation of the right IIA in a 49-year-old female patient. The three-dimensional volume-rendered, reformatted computed tomography angiogram shows the IIA dividing simultaneously into the superior gluteal (thin black arrow), inferior gluteal (thick white arrow) and internal pudendal arteries (thin white arrow). There is no apparent obturator artery arising from the branches of the IIA. IIA, internal iliac artery. Figure 2 . Rectal carcinoma and a Group B bifurcation of the left IIA in a 24-year-old male patient. The three-dimensional volume-rendered, reformatted computed tomography angiogram shows the left IIA dividing into 2 branches: The internal pudendal artery (thin black arrow) and the common gluteal trunk (thin white arrow) of the superior gluteal artery (thick black arrow), and the inferior gluteal artery (thick white arrow). The angled arrow indicates the obturator artery arising from the internal pudendal artery (angled thin white arrow). IIA, internal iliac artery. Figure 1 . Pelvic liposarcoma and a Group A bifurcation of the right IIA in a 31-year-old male patient. The three-dimensional volume-rendered, reformatted computed tomography angiogram shows the right IIA dividing into 2 branches: Superior gluteal artery (thick black arrow) and common trunk (thin black arrow), which bifurcates into the inferior gluteal artery (thick white arrow) and the internal pudendal artery (thin white arrow). The angled arrow indicates the obturator artery arising from the internal pudendal artery (angled thin white arrow). IIA, internal iliac artery.
relatively small number of samples in the present study may be the cause of these unexpected results. In general, the dominant classification was Group A, and there was no significant difference in the classification of the IIA between the left and right sides, in MSCTA and DSA images (P=0.95), which was consistent with the study by Yamaki et al (7) .
In addition, the two imaging modes had excellent consistency in the IIA classification (κ=0.81). In the present study, the total imaging quality of the IIA and its branches on MSCTA appeared slightly lower compared with that on DSA, but the difference between them was not statistically significant (P= 0.09).
Regarding the assessment of the supply artery and small terminal branches in the pelvic tumour, images acquired by MSCTA clearly revealed the type and number of feeding arteries in the pelvic tumours, with no difference between the two examinations. Additionally, the accuracy of MSCTA in diagnosing the type and imaging quantity of the feeding arteries was 100%, which was consistent with DSA. MSCTA and DSA demonstrated good consistency in visualising the main trunk of the feeding artery (κ= 0.67). However, the two imaging modes exhibited poor consistency and a significant difference in the assessment of the small terminal branches of the feeding arteries (κ= 0.14; P= 0.027). These results may Table IV . Imaging quality of 430 vascular anatomical segments of the IIAs evaluated on CTA and DSA images. indicate that DSA is more useful compared with MSCTA in the evaluation of the small branches, a finding that has been reflected in a previous study (3) . In addition, the extent of arterial invasion by pelvic tumours is of interest to clinicians, particularly oncologists. The internal consistency was excellent between the two imaging modes and the 2 readers. MSCTA appears to be an ideal alternative to DSA in assessing arterial invasion caused by pelvic tumours. The multislice computed tomography angiography volume reconstruction image and (B) maximum intensity projection image show the tortuous and irregular tumour-feeding arteries (thin white arrows), and the median sacral artery (thick white arrow), which is particularly apparent. In addition to the main branches of tumour-feeding arteries, (C, thick white arrow) the tortuous terminal arterial branches, (D, thin white arrow) right internal iliac artery and (E, thin white arrow) middle sacral artery are also clearly displayed in the superselective digital subtraction angiography images. The rapid development of pelvic vascular interventional therapy based on the arterial system has led to its widespread use in women with hysteromyoma and postpartum haemorrhage associated with pelvic vascular injury, in men with benign prostatic hyperplasia and in patients with advanced pelvic tumours that were not suitable for surgery, as well as in other candidates (25) (26) (27) . Selective arterial cannulation is necessary for vascular interventional therapy. In addition, the IIA and its branches are the main blood supply for pelvic tumours, so it is important to understand the classification and systematic anatomical structure of the IIA, and to confirm the arterial source of the blood supply prior to treatment (28, 29) .
Imaging of the IIA in 3D using MSCTA and post-processing software demonstrated that MSCTA may replace DSA in the evaluation of the iliac vascular classification to a certain extent (3). For pelvic intervention, the introduction of high-quality non-invasive imaging techniques, including MSCTA, could facilitate the study of the classification and branches of the IIA by interventional radiologists in more detail, with the aim of positioning the target vessel correctly, improving the accuracy of selective cannulation and greatly reducing the procedure time. In addition, for surgery and minimally invasive surgery, the construction of the 3D anatomy of the pelvic vessels prior to surgery may improve the accuracy of the surgery and reduce intraoperative and postoperative bleeding, and other serious complications.
Additionally, MSCTA can successfully evaluate the types of arteries feeding the tumours. The present study revealed that there were no significant differences between MSCTA and DSA in visualising the main trunk of the feeding arteries in pelvic tumours. However, MSCTA was less sensitive compared with DSA in displaying the terminal small branches of tumour-feeding arteries. DSA is an invasive procedure, which is usually used prior to pelvic selective arterial embolization; the bilateral iliac vessels cannot be clearly displayed simultaneously on it, which means that DSA cannot be used as a routine assessment for identifying the feeding arteries of pelvic tumours. Preoperative MSCTA enables interventional radiologists to achieve more information about the feeding arteries in pelvic tumours, including origin, form and branches, particularly in older patients where iliac atherosclerotic lesions may prohibit vascular access.
The present study had several limitations. Firstly, the data was analysed retrospectively and, as such, the study was subject to the inherent limitations of retrospective studies. Secondly, the classification of the IIA was divided based on the main branch of the IIA, ignoring the influence of its small branches for classification. Finally, the present single-centre preliminary study had a small sample size, and the imaging quality of the IIA and the feeding arteries was assessed by 2 radiologists, which may cause bias to a certain degree. Therefore, a multicentre study or a systematic meta-analysis may be required to conquer these limitations.
In conclusion, MSCTA demonstrated excellent consistency with DSA in the classification of the IIA, the imaging quality evaluation of the IIA and its branches, and in the evaluation of the pelvic tumour-feeding artery, which is expected to provide an anatomical basis for pelvic interventional therapy and surgical treatment. However, in the visualisation of the terminal arterial branches of the pelvic tumour, DSA remains irreplaceable, particularly in cases of interventional embolization.
